Silent myocardial ischaemia
Since the classical description of angina pectoris by Heberden, it has been assumed that myocardial ischaemia is a noxious event which excites the afferent sympathetic fibres, whose function is to mediate the sensation of pain. The relationship of pain to tissue destruction has been regarded as the basis of a biological principlethat pain has a protective or self-preserving value to the organism. It has, however, been known for many years that the valve destruction from acute endocarditis is rarely painful, and silent myocardial infarction is a fairly common clinical entity. The surprise over the occurrence of myocardial ischaemia in the absence of pain, a finding which has been variously termed 'silent', painless, inapparent, clinically unrecognized or asymptomatic, reflects a previous conceptualization concerning pain and classical teaching.
It is now clear that asymptomatic myocardial ischaemia is three to four times more common than that associated with angina pectoris'. It can be demonstrated in many ways, such as by exercise electrocardiography, Holter ST monitoring, measurement of haemodynamic parameters, thallium scintigraphy and radionuclide angiocardiography. Asymptomatic ischaemia has been regarded as total (Type 1) when significant coronary artery disease has been demonstrated at angiography or necropsy without a history of angina, myocardial infarction, arrhythmia or congestive heart failure. The prevalence has been estimated to be about 5% in middle-aged men. It has been regarded as partial, either when asymptomatic patients are studied following myocardial infarction but ischaemia is still demonstrable (Type 2), or when it is asymptomatic during some periods but not during others (Type 3)2. The prevalence of the former is estimated to be 20-30% and it has been proposed that in this instance it may be due to necrosis of the cardiac nerve endings".
However, the very existence of cardiac nociceptors is now considered extremely unlikely'. The ventricular sympathetic afferent fibres, whether myelinated or unmyelinated, do possess some mechanosensitivity and a responsiveness to haemodynamic stimuli. They are, however, not over-recrurted in response to a noxious stimulus and accordingly a mechanism of 'specificity' does not apply. It has been suggested that an 'intensity' mechanism, based on excessive stimulation of receptive structures, is important. Although some studies suggest that the rise in left ventricular end diastolic pressure is considerably less and of shorter duration in asymptomatic episodes of ischaemia compared to painful episodes'', it is clear that a great deal of overlap is present and it is not possible, on the basis of haemodynamic changes, to predict whether an episode will be painful or painless", The concept of neuropathy also does not appear to be applicable, since diabetics do not appear to have more asymptomatic episodes 7 • 8 • The introduction of balloon angioplasty of coronary arteries (PTCA) has provided a unique method of studying myocardial ischaemia and the ensuing clinicopathophysiological chain; it confirms the studies of spontaneous episodes of ischaemia". During balloon dilatation there is first a relaxation failure, then a contraction failure, then a rise in left ventricular end diastolic pressure and electrocardiographic changes follow, and finally (but by no means ubiquitously) typical anginal pain may occur at about 25 seconds following balloon inflation. These findings indicate that ischaemia in conscious man is always characterized by a transition period during which it remains silent. Although there are no differences in angiographic appearances, it has been claimed that symptomatic ischaemia signifies larger areas of jeopardized myocardium than asymptomatic episodes'". Data from ambulatory monitoring may lend credence to this, since symptomatic episodes have been found to be oflonger duration and the maximum mean ST segment depression was greater!'. This is not, however, the universal experience either from Holter monitoring or from radionuclide studies of myocardial perfusion deficits, and the overlap is once again constderable'P.
Pain mechanisms and personality
If the determining factors in these patients is not, then, a clear and linear correlation with the degree of ischaemia, other mechanisms must be involved, including a differential sensitivity to pain. Research on pain mechanisms has shown that endorphins are the most important substances in pain modification. Endorphins are endogenous opiates that have an effect similar to that of morphine by specifically affecting morphine receptors. Naloxone is a specific antagonist and its administration produced angina in patients who previously had completely asymptomatic ischaemia; it also produced pain earlier in symptomatic patients". It is increasingly clear that nociception is dependent on pain modification systems, especially the interaction of inhibitory and excitatory mechanisms. Current knowledge suggests that these interactions are located in the dorsal root of the spinal cord or higher and that descending neurons can inhibit nociception by secreting endorphins.
Higher centres may thus modify ischaemia, and personality and psychological factors play an important role. Patients who reported pain on exercise testing with 1 mm ST segment depression'? were three times more likely to experience painful ischaemia than painless ischaemia during Holter monitoring.
Conversely, patients who did not experience pain until 3 mm depression or more were almost 6 times more likely to experience asymptomatic ischaemia compared to painful episodes. Another group of patients who had total asymptomatic ischaemia were compared with patients suffering early reproducible angina pectoris. They had a significantly higher threshold to pain perception following electrical stimulation (0.1 rnA cf. 0.055 rnA) and a greater tolerance of a cold pressor test (though not pain threshold). In an ischaemic arm test these patients complained of pain at 98s compared to 70s. There were significant falls in all thresholds following naloxone injection and the differences between asymptomatic and symptomatic patients were no longer present. It was also found that these patients had a reduced tendency to complain, with lower scores for nervousness and excitability'", Type A patients, on the other hand, have been found to report more painful ischaemic episodes on a background of reporting more somatic events in general'".
Holter monitoring has shown that asymptomatic ischaemia occurs more frequently at low levels of physical activity and at heart rates lower than those characteristic of exercise-induced ischaemia'. This has been suggested to be due to the presence of an active vasoconstrictive component. The observation of a marked diurnal variation (more in the morning)", and association with mental arithmetic'? and psychological stress 18 • 19 , suggests a humoral or central nervous system contribution to both the production of ischaemia on the one hand and possibly its very asymptomatic nature on the other. Altered arousal levels on the background of environmental or psychological stress have been suggested as affecting the gating mechanism of pain 2o • The heart may then indeed have no effective warning system as we have understood it, and although a man who could severely wound his hand without feeling would be considered 'unusual', a man undergoing serious cardiac damage without feeling pain is absolutely 'usual'. From a clinical viewpoint, these facts stress the importance of using additional criteria, independent of conscious appraisal, in order to establish the' 'warning' in the complex clinical entity of ischaemic heart disease.
There are those who have urged recognition of unspecific ill health and diminishing performance capabilities of daily life to mark a clinically failing hearr". The disordered left ventricular compliance, which long precedes electrocardiographic and anginal evidence, is often noted at this time by the palpable and audible atrial (lVth) sound 22 • Certainly, disordered sleep (i.e, long sleep latency, waking unrefreshed) and loss of energy for daily activities correlated better with episodes of ischaemia than did pain in one recent study23. It is increasingly easy to detect silent ischaemia once there is an indication of coronary artery disease, but the real challenge to all physicians must be to recognize the prodromal features earlier.
Conclusion
Most now agree that asymptomatic ischaemia should be treated. Although the prognosis for completely asymptomatic ischaemia may be better, there are many who consider it to be a frequent precursor of sudden cardiac death 24 • It is often pointed out that psychological stress prior to the event is common'" and such behavioural arousal may be sufficient to alter Journal of the Royal Society of Medicine Volume 81 February 1988 101 the nociceptive threshold. It is also implicated in the development of 'dilative cardiomyopathy', in patients with no infarction or angina pectoris. In unstable angina, patients with the longest episodes of silent ischaemia had the worst outcome and it appeared that silent ischaemia was a marker of poor prognosis independent of the degree of coronary artery disease'", In patients with both symptomatic and asymptomatic episodes, the total ischaemic burden is increasingly accepted as a useful concept/. Although some may consider it to be another piece of jargon 22 , it does have merit in underlining the fact that ischaemia -be it painful or painless -deleteriously affects the myocardium, and this, after all, is the nub of the matter. 
